The objective of this study was to test and validate electromagnetic scanning of whole pork carcasses in an on-line, integrated, industrial configuration. The electromagnetic ( E M ) scanner was installed in two pork processing facilities (Plant A and Plant B). Plant A was a small pork fabrication plant that further processed chilled pork carcasses. Carcasses were delivered t o Plant A by refrigerated trucks. The amount of EM energy absorbed by the carcasses was recorded as they were conveyed through the EM field. A plot of the absorption units over time (EM scan curve) was used to obtain predictive variables for estimating carcass and primal cut composition. Forty-eight whole, chilled carcasses (Group A ) were electromagnetically scanned and conveyed onto the fabrication line. The average percentage carcass lean for Group A was 49.1% (range = 36.5 to 59.5%). Right carcass sides were removed from the processing line, fabricated into primal cuts, and dissected into fat, lean, and bone. Prediction equations were developed from EM scans for weight of total dissected carcass lean ( R 2 = 330; root mean square error = 1.80 kg), percentage of carcass lean ( R 2 = .820; root mean square error = 2.29%), and weight of dissected ham, longissimus muscle, and shoulder lean. In Plant B, the electromagnetic scanner was installed at the end of a pork slaughter line to ensure carcass scanning at a consistent carcass temperature. Fifty whole, pre-rigor eviscerated carcasses (Group B ) were electromagnetically scanned before entering the chill cooler where fat and loin tissue depths were obtained by an optical grading probe. The average percentage carcass lean for Group B was 46.7% (range = 30.1 to 57.3%). Prediction equations were developed from EM scans for weight of total dissected carcass lean ( R 2 = .904; root mean square error = 1.59 kg), percentage of carcass lean ( R 2 = .863; root mean square error = 2.05%), and weight of dissected ham, loin, and shoulder lean. Statistical equations developed for the prediction of dissected primal cut lean were superior from EM scans of Group B (prerigor) carcasses. Electromagnetic scanning proved more statistically efficient than optical probes for predicting weight of dissected carcass lean and percentage of carcass lean. Statistical comparison of EM scan equations from Groups A and B are not completely valid because two different populations of carcasses were tested a t different times of the year. The results of this study show that EM scanning has the potential to accurately predict pork carcass composition in a fully automated, on-line industrial configuration.
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Electromagnetic (EM) scanning has proven to be an accurate means of prediction of pork carcass composition under controlled laboratory conditions . Akridge et al. (1992) reported equations using electromagnetic scans to be a more accurate prediction of wholesale and lean, boneless carcass value/100 kg than equations developed from an optical grading probe, ultrasonic tissue measurement, or traditional measurements of 10th rib fat depth and loin eye area obtained by ruler and dot grid. Forrest et al. (1989) concluded that on-line techniques for the prediction of carcass composition and value in the packing industry must be accurate, rapid, dependable in a plant environment, automated (little or no human involvement), and cost-effective. Electromagnetic scanning has the potential for satisfying all these criteria for on-line applications. The objective of this study was to assess the accuracy of EM scanning technology in an on-line, industrial configuration.
Materials and Methods
The MQ-25 electromagnetic scanner (Meat Quality Inc., Springfield, IL) was installed at two different pork processing plants t o test the accuracy of predicting total carcass lean and primal cut lean. Group A (chilled) pork carcasses were scanned at a further processing plant that had no slaughter facility on location (Plant A). Group B pork carcasses were scanned on the slaughter line before chilling at a swine slaughter facility (Plant B).
Apparatus. The MQ-25 is composed of a large
Plexiglas tube 66 cm in diameter and 218 cm in length wrapped by a copper wire. When an electrical current (2.5 MHz) is applied to the copper coil a constant, low-level EM field is generated within the EM scanning chamber. The EM field is sensitive to perturbation by a conductive mass. The amount of EM energy absorbed by the carcass (lean tissue is the electrically conductive portion of the carcass) was recorded over distance as the carcass was conveyed through the EM field. Figure 1 graphically illustrates the amount of phase energy absorbed from the EM field by the carcass as it passed through the scanning chamber. The phase absorption curve rises as more lean tissue enters the EM scanning chamber. The phase absorption curve peaks before the entire carcass has entered the chamber due t o the conveyor configuration and the close proximity of the carcass t o the EM coil. The curve's apex has been designated PEAK (H100; Figure 1 ) and is used as a point of reference for information derived from the phase curve. The curve descends as carcass lean tissue exits the EM field.
Analysis of the PEAK, areas under the curve, and the difference in heights of various points along the curve are used as independent variables to predict total lean, as well as lean content of the primal cuts. Figure  1 illustrates and defines points and areas used in analysis of the phase absorption curve. An adjusted baseline was established at a level 10% of the PEAK height from the original baseline. The adjustment discounted the lower 10% of the phase absorption curve and eliminated inconsistencies associated with signal noise found at either end of the curve caused by weak EM field strength at the ends of the coil. The intersection of the curve and adjusted baseline was designated P-0. The point on the abscissa directly below the PEAK was designated P-100. This set the scale for all points on the curve. Each point along the EM scan curve is a cumulative indicator of the amount of lean within the carcass obtained as the carcass traveled through the scanning chamber. Independent variables were derived from the EM scan curve that were correlated to primal cut lean. Differences in curve height as well as areas under the curve were analyzed for their relationship with carcass lean because more than one point may be associated with the individual primal cuts. When these points were identified, differential spacings along the scan curve were tested as independent variables. Figure 1 graphically illustrates TOBEC[D~ -251, which is the difference in curve height between two points, the first a t 5% of the scan curve and the second at 25% ( a 20% spacing between points). The TOBEC~D,, ,I variables serve as predictive variables for primal cut composition. Areas under the curve (TOBECIA,. .I) were calculated in like fashion and tested as independent variables.
Group A . An MQ-25 electromagnetic scanner was installed at the carcass receiving door just ahead of the fabrication line at Plant A (Curly's Foods [Farmland Industries], Sioux City, IA), The carcasses were automatically removed from the gambrel and dropped into position on the conveyor that extended 3 m from the entrance of the MQ-25. Electromagnetic scanning occurred at a rate of 340 carcasses per hour.
The conveyor (Omeco Boss, Cincinnati, OH 1 consisted of a flexible poly-plastic belt that conformed to the shape of the cylindrical EM scanning chamber. The semicircle design allowed for consistent carcass orientation through the full length of the scanning chamber. Consistent carcass placement (sample orientation) is essential for accurate EM scanning .
Forty-eight pork carcasses were selected to obtain a range of muscle thickness and fat deposition representative of carcasses marketed to Plant A. Carcasses were chosen on-line from a visual estimate of fat depth, muscle thickness, and actual carcass weight. The carcasses were marked before they were scanned. Post-rigor carcass weight was collected and EM scans PO P50 P t O O P t 5 0 P200 Figure 1 . A typical electromagnetic scan. The scan curve records relative energy absorption from the electromagnetic field as a pork carcass passes through the scanning chamber of an MQ-25. The PEAK absorption on the curve defines PlOO on the baseline under the curve. The designate PO on the baseline is set at the point where the absorption equals 10% of PEAK (H100) on the left end of the curve. The designates PO and PlOO define the scale for each individual scan; in this way readings from the scan curve are correlated with distribution of lean within the carcass. Predictive variables can now be taken from the scan curve and defined. The point on the curve where height above the baseline at P65 is measured is designated H65, for example. The part of the curve where the difference in height above baseline between P5 and P25 is calculated is designated D5 -25 as shown in the illustration. The area under the curve and above the baseline from P35 to P60 would be designated A35 -60.
were recorded. The scans were obtained without any human intervention under the fully automated on-line procedure. A temperature probe was used to measure internal temperature in the center of the semimembranosus. Right sides were removed from the processing line and saved for dissection. Five carcasses were selected at one time to allow dissection to be completed as soon as possible after scanning to avoid carcass water loss.
Carcass right sides were delivered t o the dissection table. A carcass length was measured from the cranial edge of the first costae to the cranial edge of the pubic symphysis. Measurements of fat thickness were obtained along the split surface of the medial plane, perpendicular to the chine, adjacent to the first and last costae and last lumbar vertebra. Area of the cut lean surface of the longissimus thoracis and overlying fat depth were measured at the 10tWllth costae interface. Carcass right sides were separated into rough primal cuts according to Plant A specifications.
The rough ham was removed from the carcass by a straight cut perpendicular to a line parallel to the shank bone and perpendicular to the outer skin surface through a point 3.8 cm from the anterior edge of the pubic symphysis bone. The hind foot was removed just above (proximal) the hock joint. The rough shoulder was separated from the side by a straight cut, perpendicular to length of the longissimus muscle and outer skin surface, between the 2nd and 3rd costae. The foot was removed just above (proximal) the upper knee joint by a straight cut perpendicular t o the shank bones. The jowl was removed before scanning. The neck bones, ribs, breast bones, and associated cartilage were removed. The rough cut picnic shoulder and Boston butt were separated by a straight cut, 2.54 cm from the ventral edge of the scapula, along a line perpendicular to the outer skin surface and parallel to the dorsal edge of the butt. The longissimus muscle was removed by a straight cut approximately parallel to the chine measured 2.54 cm from the distal edge of the chine through a point 1.27 cm from the distal edge of the tenderloin. The spare-ribs were removed from the belly.
Rough cut ham, longissimus muscle, picnic shoulder, Boston butt, neck bones, spare ribs, and belly were weighed and separated into slun, subcutaneous fat, lean, intermuscular fat, and bone. The dissected separates were then weighed and discarded. The information derived from carcass dissection was used for derivation of dependent variables used in the forthcoming prediction equations (i.e., kilograms of total carcass lean and percentage of carcass lean).
Group B. A wide range in carcass temperature, due to differences in temperature on the refrigerated trucks, prompted relocation of the MQ-25 to Plant B (Sioux-Preme Packing Co., Sioux Center, IA). Carcasses scanned at the end of the kill line had a much more stable temperature at the time of scanning due to physiological homeostasis of the carcass.
Fifty warm, pre-rigor pork carcasses, average weight 82.2 kg ( k 7.4 kg), were selected from the daily slaughter population. Carcasses were selected from visual appraisal of last-rib backfat depth and pre-rigor carcass weight consistent with the selection procedure followed at Plant A. Selection occurred over a 4-wk period to obtain carcasses from a wide variety of production systems. The objective of the selection was to obtain a cross-section of all types of hogs marketed at Plant B. Whole pork carcasses were automatically removed from the gambrel and scanned in the same manner as at Plant A. Upon exiting the MQ-25, carcasses were manually regambrelled, sent to the chilling cooler, and probed with an optical grading probe (Destron PG-100, Anitech Identification Systems, Markham, Ontario). The optical probe uses light reflectance to determine fat and loin depth to obtain an estimate of percentage carcass lean. Fat and loin tissue depths derived from optical probe were not obtained on-line. The carcasses that were to be dissected were isolated on a separate rail and then probed after EM scanning. Great care was taken t o ensure proper probe insertion at the 3rd and 4th from last costae interface, 7 cm from the split surface of the medial plane.
A measure of last rib backfat thickness was obtained at the time of carcass dissection (post-rigor) via a ruler. Longissimus muscle tracings were obtained at the 3rd4th from last (caudal) costae interface. This site was chosen ( a s opposed to 10th rib) because it is the site of choice for optical probe measurements. Area of the cut lean surface of the longissimus thoracis was measured by planimeter. Fat and longissimus muscle depth were measured via a ruler. Fabrication and dissection protocol were similar t o Group A. Skin was not dissected separately for Group B and was weighed as subcutaneous fat. Group B carcasses were scanned with the jowl attached, which was removed during dissection fabrication.
Statistical Analysis. The EM scan data were analyzed by SAS ( 199 l ) linear regression procedures. The relationships between total dissected lean (kilograms), percentage of carcass lean, dissected ham lean (kilograms), dissected loin lean (kilograms), and dissected lean of the square cut shoulder (kilograms) to measures of TOBEC. The graph of the EM scan curve represents phase energy absorption over distance traveled through the scan chamber. Each point along the y-axis indicates a single point of energy absorption by the carcass. The smooth line associated with the EM scan curve is a cumulative representation of energy absorption as the carcass traveled through the scanning chamber. Each point along the scan curve is relative to an anatomically specific lean deposit (i.e., ham lean, loin lean). Identification of these areas of the EM scan curve will allow for prediction of primal cut lean. Because several points along the EM scan curve may be relative to specific lean deposits, areas under the curve (TOBECIA,, .I) and differences (TOBECID., .I) between two points (slope) were analyzed as independent variables. The TOBECIA,, .I and TOBEGID., ,I variables were computed based on spacing between points on the EM scan curve representing a specific percentage from the PEAK. For example, T O B E C~D~ -151 represents the difference between the first point of the scan curve and that of the point that is 15% along the scan curve. All possible 15% spacings were tested as independent variables (i.e., TOBECLD~ -16, TOBECID~ -17, TOBECID~ -18) maintaining a consistent percentage spacing. Twelve different percentages (15, 20, 25 , and 30 through 70%) were tested for relevance to primal cut lean. The TOBECIA., ,I and TOBEGID,, ,I values with the highest R2 (coefficient of determination) statistic at each of the 12 percentage spacings along the EM scan curve were incorporated as independent variables with warm or chilled carcass weight, temperature, length, and PEAK. Extraneous independent variables were eliminated via stepwise regression. Variance inflation factors tested for collinearity between independent variables within the model. Independent variables exhibiting collinearity within the regression equation were removed from the equation. Final equations for the prediction of dissected total carcass lean, ham lean, loin lean, and shoulder lean were developed for maximum R2 and minimum root mean square error ( RMSE) .
Coefficients of correlation were examined between optical probe fat and loin depth and actual fat and loin depth. Regression models using the optical grading probe fat and loin depth were generated from PROC REG@ (SAS, 1991) linear regressions procedures for percentage carcass lean.
Results
Group A . Table 1 lists the physical characteristics of carcasses scanned at Plant A. The average chilled carcass weight was 78.9 ( + 6.0) kg with an average total dissected carcass lean yield of 38.7 ( _+ 4.17) kg. The average percentage of dissected carcass lean was 49.1% (f 5.16). Weight of dissected ham lean, loin lean, and shoulder lean averaged 11.9, 10.7, and 9.8 kg, respectively. Weights are reported relative to yield of the entire carcass (both sides).
Last rib fat thickness, taken at the split surface of the carcass, has long been a standard estimator of overall carcass lean or percentage lean in the United States. The mean last rib fat depth was 28.8 ( f 7.58) 184-477 aTOTLN = weight of total dissected carcass lean; %LEAN = TOTLNichilled carcass weight.100; TOTFAT = weight of total dissected carcass fat; %FAT = TOTFAThot carcass weight; HAMLN = weight of dissected ham lean; LOINLN = weight of dissected loin lean; LOINLN = weight of dissected loin lean; SHLN = weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin eye area; Length = length of the phase absorption scan curve; PEAK = phase absorbance peak value.
mm. Loin muscle area (33.9; k 5.61 cm2) was carcass lean than loin eye area, 10th rib fat depth, or obtained at the 10tWllth costae interface.
last rib fat depth. Linear measurements and TOBEC Simple coefficients of correlation are listed in [ D , , ,I) had higher correlations to total are reported in Table 3 . Chilled carcass weight, aTOTLN = weight of total dissected carcass lean; %LEAN = TOTLNkhilled carcass weight.100; TOTFAT = weight of total dissected carcass fat; HAMLN = weight of dissected ham lean; LOINLN = weight of dissected loin lean; SHLN = wt of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBECID~ 12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; T O B E C [ A~~O -172.51 = area under the curve at 130 and 172.5% of the scan curve. 872*** .642*** -.451** .871*** .608*** 760* * 1:
*P < .05. **P < .01. ***P < ,001. "Means of prediction for all variables was the MQ-25 TOBEC. bTOTLN = weight of total dissected carcass lean; %LEAN = TOTLNkhilled carcass weight.100; TOTFAT = weight of total dissected carcass fat; HAMLN = weight of dissected ham lean; LOINLN = weight of dissected loin lean; SHLN = weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBEC[D~ -12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; T O B E C [ A~~~ -172.51 = area under the curve at 130 and 172.5% of the scan curve. Burenheide et al. (1994) found that sample temperature has a significant effect on the level of phase absorption by the EM scanned sample. The effect of carcass temperature on TOBEC readings was expected because conductance (Uresistance) will decrease proportionally with decreased temperature (Serway and Faughn, 1989) . The MQ-25 was integrated on-line a t the end of the slaughter processing line to eliminate fluctuations in chilled carcass temperature. The standard deviation for carcass temperature was well below 1°C (average 41.0; f .Ol"C), thus eliminating the necessity for temperature to be accounted for in regression equations for Group B. Table 5 shows simple coefficients of correlation for dissected carcass components. Pre-rigor carcass weight as well as last rib fat depth, 3rd from last rib fat thickness, and loin eye area (obtained from postrigor carcasses) exhibited low correlations with dissected components. Fat depth measurements ~ ~~ aTOTLN = weight of total dissected carcass lean; %LEAN = TOTLNkhilled carcass weight.100; TOTFAT = weight of total dissected carcass fat; HAMLN = weight of dissected ham lean; LOINLN = weight of dissected loin lean; SHLN =weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBEC[D~ -12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; T O B E C [ A~~O -172.51 = area under the curve at 130 and 172.5% of the scan curve. b%LEAN = TOTLN / warm carcass weight.100.
showed a medium to high correlation t o percentage of carcass lean and total dissected fat. Points derived from the phase absorption curve had moderate to high correlations to lean tissue and low correlations to total dissected carcass fat. This was expected as TOBEC is a measure of the absorption of electromagnetic energy by the conductive portion of the carcass (lean tissue). Fat depth obtained from optical probe (Table 6 ) had a high correlation to actual fat depth ( r = .919); however, it had low correlations to dissected total .593*** .291* -.091 .528*** .531*** .566*** aTOTLN = weight of total dissected carcass lean; %LEAN = TOTLN/chdled carcass weight.100; TOTFAT =weight of total dissected carcass fat; HAMLN = weight of dissected ham lean; LOINLN = weight of dissected loin lean; SHLN = weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBEC[D~ -12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; ToBECf~130 -172.51 = area under the curve a t 130 and 172.5% of the scan curve. .353* aTOTLN = weight of total dissected carcass lean; %LEAN = TOTLN/chilled carcass weight.100; TOTFAT = weight of total dissected carcass fat; HAMLN = weight of dissected ham lean; LOINLN =weight of dissected loin lean; SHLN = weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBECID~ -12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; T O B E C [ A~~ -172.51 = area under the curve a t 130 and 1'72.5% of the scan curve. bFD = 3rd from last n b fat depth; LMD = 3rd from last rib longissimus thoracis muscle depth. * P < .05. **P < .01. ***P < ,001.
carcass lean, ham lean, loin lean, and shoulder lean. Probe fat depth was highly correlated to percentage of carcass lean and to total dissected carcass fat. Probe longissimus muscle depth was poorly correlated to dissected lean and actual longissimus muscle depth.
Regression equations for dissected carcass lean and dissected lean of the major primal cuts are listed in [81, [91, and [loll. Prediction of total dissected carcass lean from prerigor carcass weight, PEAK, and TOBECLDO -17.51 was the most statistically efficient ( R 2 = .904; RMSE = 1.59 kg). The same equation used to predict percentage carcass lean explains 4.1% less variation in percentage of carcass lean showing an RMSE of 2.05%. The predictive capacity of dissected primal cut lean is very similar for dissected ham lean ( R 2 = .832; RMSE = .64 kg), loin lean ( R 2 = .862; RMSE = .60 kg), and shoulder lean ( R 2 = 349; RMSE = 51 kg).
Estimation of percentage of carcass lean and total carcass lean weight (Table 7 ) from optical probe predictor variables were much less statistically efficient than models using TOBEC variables. Equations [151, [161, [171, and [181 ( 
Discussion
Resistance of bovine, ovine (Swatland, 1980a) , and porcine (Swatland, 1980b) muscle is inversely proportional to temperature. Swatland (1980a) stated that temperature had a marked effect on measured resistance of muscle tissue. Incorporation of temperature into linear regression gave a reasonable fit over a range from 0 to 40°C. The effect of carcass temperature and time after exsanguination were very evident in this study. Group B carcasses recorded PEAK absorption indexes that were nearly three times larger than those of chilled carcasses. The addition of temperature to prediction equations for Group A was necessary for more accurate prediction of dissected lean from carcasses scanned chilled. Group A carcasses had a range in internal carcass temperature from 2.2 to 93°C. Acquisition of individual carcass temperature is not feasible at industrial line speeds. Electromagnetic scanning of pre-rigor carcasses at a specified time after exsanguination lends itself to a more uniform carcass temperature due to biological homeostasis.
Scanning pre-rigor carcasses may have added benefits other than temperature uniformity. The flexibility of the pre-rigor carcass conforms more uniformly to the cylindrical shape of the conveyor belt. The strength of the EM field is greater nearer the perimeter of the EM coil. The flush alignment of the dorsal edge of the carcass with the perimeter of the EM scanning chamber places the loin lean in a stronger field intensity. The rigidness of chilled carcasses may place the loin at different distances from the EM coil. This variation in placement of loin lean within the EM field may be one source of error for prediction of post-( R 2 = .673) vs pre-rigor carcass loin lean ( R 2 = .862). Determination of carcass lean, or, more applicably, lean in the primal cuts, before chilling gives the packer the opportunity to selectively identify higher-yielding carcasses before they enter the chill cooler and, subsequently, before further processing. This would allow time for sorting strategies and more efficient carcass utilization (Boland et al., 1993) . The determination of primal cut lean would allow the packer the capacity for development of a price discovery system measuring total carcass value based on yield of the associated primal cuts (Akridge et al., 1992) .
The line speeds at Plants A and B were 340 carcassesh. The MQ-25 EM scanner has the capacity to scan carcasses at a rate of one meter per second, or 1,000 carcassesh (Funk, 1991) . The obvious disadvantage of this configuration is the necessity to regambrel the carcasses after scanning. Placement of the EM scanner at the point on the processing line VOTLN = weight of total dissected carcass lean; %LEAN = TOTLNichilled carcass weight.lOO; TOTFAT = weight of total dissected carcass fat; HAMLN =weight of dissected ham lean; LOINLN = weight of dissected loin lean; SHLN = weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBEC[D~ -12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; T O B E C L A~~O -172.51 = area under the curve at 130 and 172.5% of the scan curve.
'Root mean square error. *P < .05. **P < .01. ***P < .001.
where carcasses are removed from the gambrel ( a s in Plant A ) eliminated the problems associated with rehanging the carcasses but nullified the benefits associated with pre-rigor scanning. Full, on-line automation of the EM scanning procedure will require elimination of the need to rehang carcasses. Optical grading probes have gained increased acceptance in the United States and are the standard for pork grading in Canada and many European countries. Group B carcasses were electromagnetically scanned and optically probed for direct comparison of the two technologies. Equations derived from measurements of TOBEC were superior to equations obtained from data collected by the grading probe ( Table 7 ) . The low R2 and high RMSE statistics are surprising. Care was taken for accurate probe insertion during data collection. Data were not recorded at industrial line speeds. The statistical efficiency of Equations [131 and [141 are lower than those in some published reports. Fortin et al. (1984) reported greater precision in a comparison of two optical probes (RMSE = 18.4 and 18.7 g/kg). The best combination of measurements was derived from probes of the 3/4 from last rib interface and last rib. Tope1 and Kauffman aMeans of prediction was standard carcass linear measurement. bTOTLN = weight of total carcass lean; RLEAN = TOTLN/chilled carcass weight.100; TOTFAT = weight of total dissected carcass fat; HAMLN = weight of dissected ham lean; LOINLN = weight of dissected loin lean; SHLN = weight of dissected lean from the blade-boston, picnic shoulder, and neck bone; LMA = loin muscle area; Length = measured from the cranial edge of the pubic symphysis to the cranial edge of the first costae; PEAK = phase absorbance peak value; TOBECID~ -12.51 = difference in phase absorption curve heights at 5 and 27.5% of the scan curve; T O B E C [ A~~O -172.51 = area under the curve at 130 and 172.5% of the scan curve.
CRoot mean square error *P < .05. **P < .01. ***P < .001.
( 19 8 8 ) found the predictive model including carcass weight, carcass length, probe fat depth, and probe longissimus depth to explain 77% of the variation of percentage carcass lean. Findings were similar to those of Kempster et al. (1985) (RMSE = 29.1 and 35.9 g/kg) for predictive equations including carcass weight, 3/4 from last rib fat depth, and 314 from last rib longissimus muscle depth for two different grading probes. The optical probe fat depth was highly correlated ( r = .919) to actual fat depth. Equations 1131 and [141 show inclusion of probe longissimus muscle depth as nonsignificant. The use of single point estimators for either percentage or weight of carcass lean were subject to prediction bias based on carcass lean and fat distribution (Gu et al., 1992) . Although the data indicate a high correlation between probe-derived fat depth and ruler-derived fat depth, the fact remains that there is a low correlation between actual fat depth and total weight of dissected tissue. The error associated with optical probe prediction of fat depth compounds the use of fat depth as a predictor of dissected lean weight or percentage of carcass lean. The high correlation to total dissected fat is a good indication that a measure of subcutaneous fat is a better predictor of carcass fat than carcass lean. The data from this study agree with those of Gu et al. ( 1992) showing that subcutaneous fat deposition does not have a linear relationship with lean deposition. The EM scanner has the capacity for up to 50 readings per second (Funk, 1991) and records multiple readings from the entire carcass. The response derived from perturbation of the EM field is directly associated with carcass lean tissue and not a prediction of another predictor of lean.
Implications
On-line application of electromagnetic scanning has proven to be feasible for the prediction of total carcass lean as well as lean within the major primal cuts. Regression equations derived from the TOBEC technology are superior in accuracy to traditional equations used t o estimate weight and percentage of carcass lean. Integration of the on-line scale and electromagnetic scanner computer allow for immediate acquisition of weights of lean pork. Rapid determination of carcass lean tissue early in the processing line allows the packer the option of sorting carcasses and primal cuts based on lean distribution. Electromagnetic scanning also has the capacity to be used for establishment of an accurate price discovery system. A final carcass price may be obtained based on the
